Abstract The investigation was undertaken to study the effect of acidulants on the recovery of milk constituents and composition of Mozzarella pre-cheese and physical, chemical and sensory characteristics and texture profile analysis (TPA) of processed cheese prepared there from. The pre-cheese was made by direct acidification technique using citric, acetic and lactic acid and processed with 1 % tri-sodium citrate. The acidulants significantly (p <0.05) affected the fat and protein recoveries and chemical composition of pre-cheese. These also had a significant (p <0.05) effect on chemical constituents (moisture, protein, fat on dry basis and moisture in non-fat substances), sensory characteristics, physical properties (expressible serum, fat leakage and meltability) and TPA (hardness, fracturability, adhesiveness, elasticity, gumminess and chewiness) of processed cheese.
Introduction
Cheese is a widely consumed fermented dairy product world over. It is now becoming popular in India too with the estimated per annum growth rate of about 10-12 % in terms of volume and 16-17 % in monetary terms. Around 60 % of the Indian market is dominated by processed cheese and 30 % by cheese spreads (MOFPI 2013) . It has high food and nutritive value (De 1980) . Processed cheese is produced by blending shredded natural cheese of different types and degrees of maturity with emulsifying agents and by heating the blend with constant agitation until a homogeneous mass is obtained.
In addition to natural cheese, other dairy and non-dairy ingredients may be included in the blend (Caric and Kalab 1993) . Processed cheese is often criticied for its small range of flavors, which is far narrower than the range for unprocessed cheeses and normally very mild. Processed cheeses are normally very smooth and medium-firm; also lack the range of textures available in unprocessed cheeses.
Acidification is one of the most important stages in cheese manufacture which has a bearing in assuring the desirable cheese curd characteristics. Direct acidification technique for manufacture of cheese has gained considerable commercial interest as it does not rely on starter performance. The manufacture of Mozzarella cheese using this technique has been attempted by many workers (Schafer and Olson 1975; Demott 1983; Singh and Ladkani 1984; Najafi et al. 2006) . Different types of acids have been used for preparation of Mozzarella cheese. Breene et al. (1964) used lactic, acetic or hydrochloric acid; Quarne et al. (1968) used hydrochloric, phosphoric and lactic acids; Keller et al. (1974) used phosphoric, acetic, hydrochloric, malic, or citric acids; Patel et al. (1985) used lactic acid whereas Dave et al. (2003) used glucono-δ-lactone. Najafi et al. (2006) used lactic and citric acid to attain pH levels of 5.3, 5.6 and 5.8 to make Mozzarella cheese. The type of acid used affected the solid-not-fat recovery whereas it had no effect on fat recovery (Quarne et al. 1968) . It also affected the curd characteristics, rate of curd formation, coagulation of milk from rennet action (Breene et al. 1964; Ernstrom 1965) , moisture content, mineral retention, rheological properties of cheese (Keller et al. 1974 ) and yield and elasticity (Najafi et al. 2006) . Keller et al. (1974) found that more hardness and least moisture content of Mozzarella cheese was produced by using phosphoric acid while Mozzarella cheese produced using citric and lactic acid had the high moisture content and was softer.
The flavour compounds present in ripened/mature cheese are ammonia, various amines, methional, H 2 S, phenylacetic acid, aldehydes, primary and secondary alcohols and their esters, short chain fatty acids and related compounds (Walstra et al. 1999) . Hard cheese, to be used for manufacturing processed cheese, requires ripening/maturing of 3 to 12 months or more to develop a typical flavour and texture. It is time consuming, labour intensive, involves space for ripening and adds to temperature maintenance cost of ripening process. On the other hand Mozzarella cheese is dryer, less flavorful, and has a rubbery texture. The flavor is delicate and slightly sour, with a milk-like freshness. The longer the cheese ages, the softer and more sour it becomes. In order to impart specific flavor, several flavoring agents, salts, spices and herbs could be incorporated (Seth et al. 2009 ). During manufacture of processed cheese, heating of natural cheese results in separation of fat from protein and processing destroys both the curd granule junctions and the fat globule membranes. Under the effect of melting salts, high heat and vigorous stirring, the relatively insoluble protein matrix of natural cheese is converted into a smooth and homogenous mass of partially solubilized proteins (mostly casein) of processed cheese. The emulsifying properties of the cheese proteins, which would deteriorate on heating, are restored as the result of their reactions with the melting salts and consequently, fat becomes emulsified into small globules (Caric and Kalab 1993) . Therefore, addition of melting salt can play important role in emulsification of fat leading to improved quality of high fat product.
Using Mozzarella pre-cheese as a base for process cheese manufacture results in a product with no or very little cheese flavour of its own that could be further blended with desirable flavouring agents to get a product suitable to Indian palate (Seth et al. 2009 ). A range of emulsifying salts and their blends have been used to provide a variety of textural, slicing and melting properties to processed cheeses (Rayan et al. 1980; Gupta et al. 1984; Swenson et al. 2000; Awad et al. 2002) . The work on manufacture of processed cheese from Mozzarella pre-cheese is scanty. A series of experiments were conducted to transform Mozzarella pre-cheese in to process cheese to shorten the method of process cheese manufacture and it's blending with spices and herbs to suit Indian palate.
Taking into consideration the effect of coagulant acids on the properties of cheese, the present investigation was undertaken to study the effect of different acidulants on physico-chemical properties of processed cheese prepared from Mozzarella precheese in presence of a melting salt, tri-sodium citrate (TSC).
Materials and methods
Pre-cheese manufacture Standardized buffalo milk (fat 4.5 %, total solids 13.65 %) was pasteurized at 71°C for 15 s, cooled to 30°C, pH lowered to 5.6 by direct acidification using 5 % solution of citric/acetic/lactic acid, renneted (@ 1 g/ 100 l of milk), coagulum cut into cubes, stirred, pH adjusted to 5.2, curd cooked up to 40°C for 20 min, whey drained and finally pre-cheese was collected.
Processed cheese manufacture Pre-cheese was grated and allowed to melt with 1 % TSC and 1 % sodium chloride in a boiling water bath. Melted cheese was poured into moulds and allowed to cool at room temperature to obtain sliceable processed cheese. TSC was added to facilitate melting of precheese and its conversion to processed cheese. Flow diagram of manufacture of pre and processed cheese is presented in Fig. 1 .
Yield and recoveries Yield was calculated from weight of cheese divided by weight of milk and multiplied by 100. Theoretical yield was calculated using Van Slyke and Price formula as modified by Barbano (Rudan et al. 1999) . Fat and protein recoveries were calculated from the weight (yield) of each product multiplied by its percentage of fat/protein/total solids content and then divided by the total weight/percentage of fat/protein/total solids present in the original milk and multiplied by 100. Yield, dry weight yield and theoretical yield (Van Slyke and Price as modified by Barbano) was estimated for pre-cheeses by using following formula:
Chemical analysis Moisture, protein, ash, acidity in milk, precheese and processed cheese were determined by AOAC (2000) procedures. Calcium was estimated by titrimetric method of Ranganna (2003) .
Physical properties
Expressible serum The method as described by Guo and Kindstedt (1995) with some modifications was followed.
The amount of expressible serum for pre-cheese and processed Mozzarella cheeses was obtained by centrifuging the 5 g grated cheese at 10,000 × g for 40 min at 37°C. The centrifuged tubes were then refrigerated to solidify fat. Thereafter, fat layer was punctured to drain serum in a dry dish and its weight expressed as percent.
Meltability The Schreiber melt test was performed on processed Mozzarella cheese samples using the modified method from Muthukumarappan et al. (1999) . Samples were cut in the form of discs with 32 mm diameter and 7 mm height, discs of equal weights were randomly selected and placed on aluminum plates, covered with a glass Petri plate, were tempered at room temperature for 30 min. The average weight of the discs was approx. 8 g. Tempered samples were then heated in oven at 100°C for 5 min. The meltability of processed cheese was determined by measuring the final diameter of the cheese discs at 4 different locations after they reached room temperature and the average value was reported as meltability.
Melt time The modified method of Guinee et al. (2002) was used to determine the melt time of pre-cheeses by recording the time taken in melting 100 g of pre-cheese over hot water bath.
Fat leakage Fat leakage was determined by method of Breene et al. (1964) with the following modifications. Discs of 1.8 cm in diameter and 0.5 mm in height were cut weighing approx. 5 g; melted on filter paper in oven at 100°C for 5 min. The area of oil ring was expressed as fat leakage.
Sensory analysis Mozzarella processed cheese samples were evaluated for appearance, body and texture and flavour by a semi-trained panel of six judges using 9-point hedonic scale and assigned scores from liked extremely (9) to disliked extremely (1) (Larmond 1982) . The overall acceptability was estimated by taking mean of all the three attributes.
Texture profile analysis Stable Micro System Texture Analyzer (Model TA-HDi England) was used to determine texture by measuring gram force required to compress a piece of size 1.5 cm 3 using following settings Pre-test speed: 1.00 mm/s, Test speed: 1.00 mm/s, Post-test speed:1.00 mm/ s, Distance 2: 15 %, Distance: 30 %, Force: 100 g, Time: 3.00 s, Count: 5.00, Load cell: 25 Kg, Probe: P-75 (Flat, Diameter 75 mm).
Statistical analysis The data collected from the studies was subjected to analysis of variance (ANOVA) using CPCS1 software developed by Deptt. of Mathematics, Statistics and Physics, P.A.U., Ludhiana.
Results and discussion
Physico-chemical characteristics of milk The physicochemical characteristics of milk used for manufacturing Mozzarella processed cheese are presented in Table 1 . The milk contained 4.5 % fat, 13.65 % total solids, 3.75 % protein, 3.12 % casein, 0.12 % calcium and 0.70 % ash.
Yield, fat and protein recoveries of pre-cheese Theoretical yield, yield and dry weight yield of pre-cheese did not differ appreciably with the acidulant (Table 2) . Fat (99.2 %) and protein (89.45 %) recoveries were highest in pre-cheeses made from lactic acid and acetic acid, respectively. The high fat recovery and low protein recovery in cheese made with lactic acid was due to more losses of protein in whey than fat. Quarne et al. (1968) and Keller et al. (1974) found that fat recovery in Pizza cheese was not affected by the type of acidulant used in direct acidification procedure but the yield of cheese with various acidulants differed significantly. Mona et al. (2011) stated coagulant type as one factor affecting cheese yield amongst many other factors causing differences in cheese yield.
Chemical composition of pre-cheese The effect of different acidulants on composition of pre-cheese is shown in Table 3 . The acidulant had significant (p <0.05) effect on fat on dry weight basis (FDB), protein, protein on dry weight basis (PDB), moisture and moisture in non-fat substances (MNFS) contents of Mozzarella pre-cheeses. Acetic sample had maximum protein (21.23 %) and minimum moisture content (47.01 %) whereas lactic sample had minimum protein (17.89 %) and maximum moisture content (50.12 %). The MNFS content was also higher than other samples due to higher moisture retention by lactic samples. Lactic samples also had higher FDB than other samples.
Chemical composition of processed cheese The composition of processed cheese showed a significant (p <0.05) difference in moisture content, fat on dry basis (FDB), protein and protein on dry basis (PDB) between the cheeses prepared using three types of acidulants (Table 4) . Due to high moisture retention a significantly (p <0.05) high MNFS and moisture to protein (M:P) ratio in cheese made with lactic acid was recorded. Acidity, fat, ash, Ca and calcium as % of protein were not affected by variation in type of acidulant. Shehata et al. (1966 Shehata et al. ( , 1967 found that the type of acid used to acidify milk to pH 5.6 before coagulation with rennet in direct acidification procedure had a significant effect on the composition and characteristics of Blue and Pizza cheese.
Addition of 1 % TSC (melting salt) resulted in a significant (p <0.05) decrease in moisture content of processed cheese leading to decrease in MNFS content. Inclusion of TSC had a non-significant effect on fat, FDB, protein, PDB, Moisture: protein (M: P), ash, acidity, Ca and Ca as % of protein.
Sensory characteristics
The appearance scores differed significantly (p <0.05) for processed cheese prepared using different acidulants (Table 5 ). Citric sample obtained higher appearance score (8.00) than other two acid samples. A greenish tinge and oozing of fat on the surface of cheese made with acetic and lactic acid caused inferior rating of these. According to Walstra et al. (1999) the colour of cheese is affected by the amount of intact casein micelles; therefore, higher amount of intact casein micelle leads to more scattering of light resulting in whiter appearance.
The body and texture scores differed significantly (p <0.05) for different acidulants. Citric acid samples obtained highest score (8.00) followed by acetic (6.50) and lactic acid (6.00) samples for body and texture. Citric samples were softer and showed less oozing of fat as compared to acetic and lactic samples. The flavour scores also differed significantly (p < 0.05). The citric sample had a richer and smoother flavour as compared to lactic sample due to lower fat losses during processing and transformation in to processed cheese. The flavour score was lowest for acetic sample as it possessed an odour of acetic acid. The overall acceptability scores also differed significantly (p <0.05). The overall acceptability score was highest for citric samples. Addition of 1 % TSC nonsignificantly increased the scores for appearance, body and texture, flavor and overall acceptability. According to Metzger et al. (2001b) the post melt chewiness and whiteness of low fat mozzarella cheese were affected by milk pre-acidification. The largest level of calcium reduction and modification in post melt whiteness occurred in pH 5.8 citric treatment.
Effect on physical properties of processed cheese
Expressible serum It is the indirect way of determining the water holding capacity of cheese. The expressible serum of Values with different superscripts (a, b and c) in a row differ significantly n =3, CD critical difference NS non-significant cheese prepared using three acidulants was significantly (p < 0.05) different for pre-cheese and processed cheese without (control) and with 1 % TSC ( Table 6 ). The cheeses made using lactic acid had maximum value of expressible serum followed by citric and acetic samples. High moisture to protein ratio (M:P) was responsible for higher expressible serum, indicating higher water holding capacity of the proteins in lactic samples. The findings are in accordance with Metzger et al. (2001a) who observed that pre-acidification with citric acid decreased the amount of expressible serum more than pre-acidification with acetic acid The differences in the amount of expressible serum between acid treatments may be related to the differences in the binding affinity of calcium for the acid types that affect the casein matrix and the amount of casein soluble in water phase of cheese (Metzger et al. 2001a) . Milk pre-acidification may decrease the amount of expressible serum due to casein solubilization and formation of casein gel in the water phase of the cheese. Expressible serum decreased significantly (p <0.05) when pre-cheese was processed with TSC. This signifies that non-expressible serum i.e. water holding capacity of proteins increased by processing with TSC. This was due to change in structure of proteins during heat processing in presence of melting salt. Type of acidulant and processing of pre-cheese with melting salt showed a significant (p <0.05) interaction indicating that each one affected the protein structure in a different way. Higher concentration of solubilized casein have been attributed to a decrease in the amount of expressible serum (Guo and Kindstedt 1995) Meltability Cheese meltability is defined as the ease and extent at which cheese will flow upon heating. It is an important functional property especially for cheese used in foods consumed after heating (Altan et al. 2005) . The meltability of cheese samples prepared with different acidulants did not differ significantly. This may be due to the fact that pre-acidification pH was same in all the three acidulants. Therefore, there was not much difference in calcium content of cheese samples prepared with different acidulants. Even, inclusion of 1 % TSC did not have significant effect on meltability indicating that concentration of melting salt may require alteration to achieve a product with higher meltability (Table 6) . Keller et al. (1974) reported that meltability of Mozzarella cheeses was affected significantly by the type of acid and pH at coagulation. Though pH affects the properties of milk and casein miscelles by affecting the extent and nature of protein interactions, yet it is difficult to separate the effect of pH from that of changes in total and soluble calcium content, moisture content, extent and pattern of proteolysis and their interactions (Pastorino et al. 2003) . It is generally accepted that reduced calcium cheese has higher meltability. Caseins are better able to emulsify fat in curd with reduced calcium (McMahon et al. 1993) , resulting in higher melting, a desirable characteristic in Mozzarella cheese. The combined action of proteolysis by residual coagulant and reduction in calcium content has been shown to improve meltability of Mozzarella cheeses (Fife et al. 1996) . It has also been observed that TSC chelated Ca from colloidal calcium phosphate and dispersed casein; the citrateCa complex remained trapped within the process cheese matrix (Shirashoji et al. 2006) . Swenson et al. (2000) observed that use of TSC in fat-free cheese spreads produced properties closest to those of a full-fat reference cheese and provided high meltability. Increasing the amount of TSC or disodium phosphate from 0.5 to 3 % resulted in increased firmness, decreased melt, and decreased spreadability. High degree of firmness for cheese spreads was explained by an increase in amount of protein-protein interaction facilitated by greater calcium sequestering abilities of emulsifying salts/polyphosphate containing ingredient (Swenson et al. 2000) .
Melt time Melt test measures the ability of cheese particles to flow past one another when heated (Fife et al. 1996) . The melt time varied significantly (p <0.05) with acidulant for samples without melting salt (control) and with melting salt (Table 6 ). Control samples of acetic cheese had highest melt time (17 min) whereas that of citric had lowest (15 min). Variation in Protein content was responsible for difference in melt time. Reduction in melt time could be important for cheese processing industry as it can save time and reduce the power consumption thus helping to economize the process of manufacture. Addition of 1 % TSC to control samples during processing did not result in a significant difference in melt time. Cheeses with smaller protein aggregate and a more hydrated protein matrix had a better melt (Paulson et al. 1998 ).
Fat leakage Fat leakage/oiling off is a heat related property and is affected by heating temperature and time. Heating causes the cheese to melt and release fat and therefore alter the original structure. Melted fat may coalesce and result in separation of fat from the protein matrix. This causes the undesirable effect of oiling-off or fat leakage (Gunasekaran and Ak 2003) . Therefore fat leakage becomes important parameter if cheese is to be consumed after heat treatment. Effect of acidulant and TSC on fat leakage of processed cheese is shown in Table 6 . The fat leakage of samples was not affected significantly either with acidulant or TSC. This was due to the fact that fat content did not differ both with acidulant or TSC. Addition of melting salt to control samples decreased fat leakage but the decrease was non-significant. The findings are in agreement with Jian-Qiang et al. (2011) as they did not find significant difference in fat and free oil contents when using acids such as citric, lactic, acetic, phosphoric and hydrochloric. It is based on the fact that well emulsified fat has lower tendency to exude and coalesce from cheese upon melting (Joshi et al. 2003) Texture profile analysis The textural parameters of cheese samples made with different acidulants are tabulated in Table 7 . Hardness/firmness is the resistance to deformation (Guinee et al. 2002) . Hardness of control and TSC samples was significantly (p <0.05) different for various acidulants. Hardness values of control and samples with TSC ranged from 1,580 to 5,454 g and 1,650 to 6,600 g, respectively. Acetic cheese samples had maximum hardness whereas citric cheese had minimum hardness. Variation in firmness was related to the concentration of casein in the matrix. As the concentration of casein increased, the intra and inter-strand linkages became more numerous and matrix more difficult to deform (Jong 1976 (Jong , 1978 Chen et al. 1979; Prentice et al. 1993) . Addition of TSC in control samples lead to significant (p <0.05) increase in hardness. Gupta et al. (1984) found that addition of melting salt to processed cheese increased its firmness. A significant interaction was noted between acidulant and TSC. As such well emulsified cheeses were found to be firmest and most sliceable (Awad et al. 2002) . Fracturability is the tendency of cheese to fracture into pieces when stress is applied (Visser 1991; Fox et al. 2000) .
Fractrability values showed a significant (p <0.05) difference with type of acidulant and presence of TSC. Control samples made with citric, acetic and lactic acid had 2.3, 1.6 and 0.3 g fracturability values, respectively, while samples with TSC had values 2.5, 2.6 and 1.1 g respectively. Low fracturability was because of low protein and high moisture content (Table 7 ) (Guinee et al. 2002, Creamer and Olson 1982) . Adhesiveness, elasticity, guminess and chewiness values were significantly (p <0.05) different with the acidulant. Adhesiveness and elasticity are related to concentration of casein (Ma et al. 1997 ) and moisture content (Visser 1991) . Lower protein and high moisture content of lactic samples were responsible for lower values of elasticity (0.214 and 0. 230) and high values of adhesiveness (20.24 gs and 26.8 gs) for control samples and samples with melting salt. Adhesiveness and elasticity increased significantly (p <0.05) when melting salt was added to control samples. Guminess and chewiness are related to hardness, cohesiveness and elasticity. Guminess and chewiness increased significantly (p <0.05) with the addition of TSC. The acidulants and melting salt addition had a significant (p <0.05) effect on guminess and chewiness. Resilience indicates the stability of the product, higher the value, higher is the stability of the product. The acidulants had a significant effect on resilience. High resilience value of 0.360 and 0.400 and low resilience values of 0.219 and 0.229 were observed for acetic and lactic samples, respectively. Stability of the cheese structure depends on the protein matrix, therefore high protein content of acetic samples might be responsible for high resilience values. Changes in functionality of cheese were as a result of change in pH, proteolysis, protein bound water and free oil in cheese (Jana and Mandal 2011) Earlier Rayan et al. (1980) and Fukushima and Deman (1970) attributed textural attributes of full fat process cheese to the amount of protein interaction and calcium sequestering abilities of emulsifying salts. The essential role of emulsifying Values with different superscripts (l, m and n) in a row differ significantly with respect to melting salt A acidulant, H hardness, F fracturability, C cohesiveness, A adhesiveness, E elasticity, G gumminess, C chewiness, R resilience n =3, NS non significant; CD critical difference salts in the manufacture of processed cheese is to supplement emulsifying capability of cheese proteins (Awad et al. 2002) . The changes in ability to absorb water have also been shown to play a major role in the textural performance of various foods (Fennema 1985) and may have influences on the texture of process cheeses. Overall, it was stated that the influence of pH on cheese texture may function through a number of mechanisms (Swenson et al. 2000) Conclusion On the basis of sensory characteristics, physical properties and texture profile analysis of processed cheese made from Mozzarella pre-cheese using three acidulants, citric samples were found to rate superior. Although the acetic acid samples showed more recovery of fat and protein but they were hard and possessed acetic flavour. On the other hand lactic acid samples showed lower protein recovery and had high moisture content. Citric sample had softer texture, medium protein and fat recovery, good sensory characteristics and medium level of water holding capacity. Citric samples also had minimum melt time out of the three acids tested.
